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Abstract 
This research proposes two methods to improve user participation in product design. One method is based on Internet technologies to develop a 
design and communication platform for manufacturers and product users. Using this platform, users can communicate with designers to 
understand the product information. The manufacturers can upgrade the product based on users’ suggestions. The other method uses virtual 
reality technologies to offer users a simple way to involve in the design process. Through the visual feedback and product interaction, users can 
evaluate a design to meet their requirements. Design processes of two industrial products are used to verify the proposed methods. The system 
usability and efficiency are evaluated for performance of the proposed methods. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The diversity of user demands and market competition are 
driving forces for industrial and consumer products to meet 
user personalized needs. The traditional product structure is 
difficult to meet the personalized demand in a cost-effective 
solution. It is required to explore new product structures for 
the trend. Open architecture is a new concept of product 
structure to solve contradictions between mass production and 
product customization [1]. An open-architecture product 
(OAP) would have three functional modules: platform 
modules, customized modules, and personalized modules [2]. 
The platform modules are basic modules that are required for 
all OAPs. The customized modules are common function 
modules that can be selected by users. The personalized 
module is modules for the individual user need [3]. The 
adaptable interface between the modules is a prerequisite for 
users to participate in the product function update or product 
module change [4].  
Comparing with the traditional modular product, OAPs use 
personalized modules that are connected to the product 
platform with adaptable interfaces. The personalized modules 
can be designed and made by user’s participation. Therefore, 
an OAP is made not just by the original equipment 
manufacturer (OEM), it also includes the user involvement in 
design of a final product [5]. The user participation in product 
design is a main feature of OAPs compared to existing 
products. Current research activities in OAPs mainly focus on 
the module division and adaptable interface design, the user 
involvement during product design has not been paid much 
attention. 
From the evolving paradigm of manufacturing systems, 
product development was experienced with craft production, 
mass production, and mass customization [3]. The driving 
forces of the product development are to meet production 
requirements in productivity, quality and cost based on the 
product user need. Personalized products are developed based 
on following two main reasons. One is that consumers are no 
longer satisfied with basic functional requirements of products 
along with the more selection of products in the market. The 
other is that the advanced manufacturing technologies are able 
to produce diverse personalized products for the market. As 
general product users do not have the knowledge of product 
design, it is impossible for them to design a product as 
designers do. The existing design method is developed for 
design experts, not for product users. It is necessary to explore 
new ways for users’ involvement in product design. This 
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research proposes two methods for the user participation in 
product design. 
The ways that allow users to involve in the design are of a 
wide variety based on the available technologies and tools. 
This paper analyzes and discusses methods for users to be 
involved in design of open-architecture products. The research 
proposes two methods for the user participation in product 
design. One method is based on Internet technologies to 
develop a design and communication platform for OEMs and 
product users. Using this platform, users can observe and 
discuss with designers of OEMs to understand the design 
information. Designers can design the personalized modules 
according to users’ input. OEMs can upgrade the platform 
module based on users’ suggestions from an online interface 
between users and designers. The other method is using virtual 
reality (VR) technologies to offer users a simple way to 
involve in the design process. Through the visual feedback 
and product interaction, users can evaluate a design to meet 
their requirements. VR devices consist of 3D projection walls, 
head-tracking glasses and a controlling wand. The user 
involvement includes the design visualization, personalized 
module input, selection and manipulation, and simulation of 
product operation and upgrading. 
Design processes of two industrial products are used to 
verify the proposed methods. The system usability and 
efficiency are used in the performance evaluation of the 
proposed methods. A group of users are involved in testing the 
proposed methods to provide feedback in operability and 
feasibility of the method. 
2. Related research 
User involvement in the design process can have different 
forms. There are different personalized product examples in 
the market, such as printed T-shirts and cups with personal 
pictures. Many research activities have been conducted to 
improve the user involvement in the product design. Li 
discussed the design of personalized toys considering the 
different age characteristics of users’ psychological 
development and needs [6]. Dai introduced an emotional 
design method to personalized product design, which allows a 
personalized product to better meet consumers’ personalized 
requirements [7]. Sun built an information flow model to 
study the involvement of individuals and groups in product 
innovation [8]. Tang studied the theory and method of rapid 
response to product customization [9]. Wang described the 
important role of the user participation in product 
development and innovation through two companies, Xiaomi 
and Quirky [10]. 
Although most industries realize the importance to meet 
user personalized needs [11], the available products are very   
limited, such as using different colors for the cell phone back 
covers. For industries who plan to product machines using the 
OAP concept, efficiency in development or improvement of   
platform modules and personalized modules are very low due 
to the lack of a user involvement platform [12]. A platform 
for the user involvement in the OAP development is required. 
Current methods for design of open-architecture products 
mainly focus on the integration of traditional design methods 
[13], such as the analysis of functional requirements based on 
the axiomatic design [2], and the module division of OAPs 
based on QFD product modules [13]. These research activities 
consider planning and implementation of the OAP structure 
without users’ involvement in the design to meet their 
personalized needs. 
Personalized modules provide a special indicator of OAPs 
that are different from the existing products. An effective 
method of the user involvement is necessary to achieve the 
personalized product. 
3. User involvement in design process 
It may be impossible for an ordinary user to participate in 
the design of complex industrial machines. Actually, the users 
often care nothing about a detail design process, design 
methods used in the design, or manufacturing operations 
required to produce the product. What they care most are the 
product function that a product can offer to them. 
3.1. Indirect involvement pattern 
An indirect involvement pattern is proposed to meet the 
individual demand of a user in this research. The indirect 
involvement only considers the user involvement to evaluate 
the product function without dealing with the detail design of 
product components. Using this pattern, design tasks provided 
by an OEM, design agency and users are as follows. 
OEM: The OEM is responsible for developing the product 
platform, formulating product interface standards, testing the 
personalized modules that are created by the design agency. 
The OEM also receives feedback from design participants to 
improve the product for personalized modules and to upgrade 
the platform. 
Design agency: A design agency plays an important role in 
this pattern to obtain user personal requirements and translate 
them into the product functional modules. Before any 
personalized module is delivered to the user, it should be 
tested by the design agency to verify that it meets quality and 
safety. The module information should be upgraded in the 
OAP database to be accessible by product users. 
Users: The users provide their requirements to the OEM or 
design agency to have the suitable platform and function 
modules. If they have an OAP already, they would distribute 
some personalized modules to other users for resource reusing 
or sharing. When they have any questions or suggestions 
while using the OAP, they also need to provide the 
information to the OEM and design agency for the solution. 
Based on the roles of these different parts in product 
development, it is important for the efficient information 
sharing between them. The Internet technology offers a good 
solution and support tools for this need. 
Internet provides an effective tool for information 
distribution and applications. Internet technologies have been 
widely used in many areas to provide a simple and reliable 
tool for users to participate in a process. Open-architecture 
products are designed for users based on their different needs. 
Web-based applications can help the exchange of information 
between clients and server. 
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Fig. 1. Indirect involvement pattern in a web-based user interface 
Fig.1 shows the indirect involvement pattern in a web-
based user interface. The user participation details are as 
follows. 
Need matching: When users submit their product 
requirements in the web-based user interface, Web 
applications will search the appropriate platform from the 
OAP database through decision-making mechanisms to match 
customer needs. If there are more alternatives than one 
solution, the users can provide more details to refine the 
design requirement for a unique solution. 
Personalized module selection: The OEM and design 
agencies provide common functional and customized modules 
for users to select. All related information is shown on the 
web-based interface for users to choose the corresponding 
modules. At the beginning of OAP development, there may 
not be enough modules to meet some special personalized 
needs. Under this circumstance, the user can contact to the 
design agency for new design of the personalized module. 
User feedback: During the interactive period, if the user 
demand changes and some functions cannot be met by one 
personalized module, or if there is any improvement required, 
the user would submit the update to the OEM or design 
agencies from the web-based user interface. 
The user involvement can improve the platform design, 
and promote the module development and reuse. This task is 
realized by a demand configuration interface. Fig. 2 shows its 
architecture. 
Based on requirements of different modules in an OAP, 
each module is detailed through the design parameters. When 
a module is chosen, the related measure index can be shown 
in the user interface to help the online decision making. 
For the predictable demand change, users of OAPs can 
extend the OAPs life by upgrading the product functional 
modules. It provides a cost saving solution. When an existing 
OAP user need changes, the user would only buy the modules 
that affect the changes in demand to meet the requirement. 
Module sources are accumulated to enhance the capacity. If 
there is no appropriate module in the database, the user can 
submit its demand online to order a personalized module. 
The database of product modules is constantly updated to 
meet the design need of open-architecture products. The web 
forum can also offer a communication platform for OEM 
design engineers, small design companies’ designers and 
OAP users can share their experience in the forum interface. 
This will help the improvement of the OAP development. 
 
 
Fig. 2. System architecture of indirect involvement design 
3.2. Direct involvement pattern 
Users’ individual needs sometimes could not be met by 
designers because of the need misunderstanding. Christopher 
improved this situation through design of a mobility-aided 
device for the aged people. He found that the user 
involvement in the design process is the key solution to meet 
the user need [14]. The vision, touch, smell, etc. can reflect 
different personal needs. If users can be involved in a design 
process using these sensors, it can improve the design solution 
significantly [12]. 
The development of CAD systems improves the traditional 
design process. But existing CAD systems are not enough to 
offer an ordinary product user involvement in a design 
process. For a product user who has no any professional 
design background, a visualized interactive tool will help the 
user to translate the personal need into the design process 
using vision and touch input devices. Virtual reality (VR) 
technology offers a potential design environment for users to 
participate in the product development. 
The VR technology enables the design performance for 
product function testing and verification in an advanced 
interactive environment that the most CAD systems cannot 
provide [15]. VR is an enable technology that is considered as 
the way to be able to change the future product design. VR 
provides a rich function for the user involvement in the 
product development through different sensing channels to 
give the user a real feeling of product implementation. 
VR systems have been successfully applied in many areas 
such as computer-aided process planning, virtual assembly 
and planning [16-18]. This paper aims at providing a way to 
let users involve in product design for their personal needs 
through a VR-based user interactive interface. It takes 
advantage of the immersive VR system. 
The life cycle of a product consists the stages of the 
product market search, requirement analysis, concept design, 
structure design, detail design, manufacturing and assembly, 
product use, maintenance and recycling. The direct 
involvement usually happens in the detail design stage such as 
the color choosing of a product or where to locate a functional 
module to meet an operation need. 
VR systems can provide detailed visual effects of objects. 
This can assist users to view details of a product such as for 
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the need of modules placing according to personal needs. 
Other examples include the design of a special wheelchair for 
patients, and the integration of home furniture with different 
decorations. 
In order to enable users to review or change the functional 
module, the module has to be included in the CAD model 
database. Depending on the data formats used by a VR system 
and file formats used by the product CAD model, the data 
formats are usually required to be converted into a compatible 
format of the VR system. The structure of a VR-based system 
for the user involvement is shown in Fig. 3. 
Fig. 3. Structure of a VR-based user involvement interface 
When a user involves a design process in the proposed VR 
interface, the personalized design process and solution is 
visualized and verified for the feasibility of manufacturing or 
affordable ability. The design evaluation of each step provides 
the user a chance to make changes to meet the product 
expectations. Therefore, the VR-based design interface 
provides users following functions: 
x Visualization of the design elements 
x Improving understanding of product design in product 
modules and interfaces 
x Interactive with product to test the product performance  
The VR-based interaction supports the design process for 
users to implement personalized products. The manufactures 
can work with users to complete the personalized product 
design cost-effectively. 
4. Case study 
4.1. Design of an industrial shaft-gear assemble machine  
The industrial shaft-gear assemble machine is used in toy 
manufacturers to assemble gears in shafts. As a wide variety 
of toys, sizes and shapes of the gears and shafts are different 
as shown in Fig. 4. It is a challenge for the industry to meet 
different product requirements using the traditional toy shaft-
gear assembly machine. Due to product changes, toy 
manufacturers have to adapt the variety of products in the 
production process. A flexible assembly machine is proposed 
to meet the product change. It uses the open-architecture 
structure to form the machine with independent functional 
modules. 
Fig. 4. Variety of gears and shafts 
 In order to meet requirements of users, a web-based user 
interface is developed to allow users to select the machine 
functional modules. The machine is designed with four 
independent modules: a shaft feeding module, a gear feeding 
module, a shaft-gear assemble module, and a platform module. 
The platform module provides the support for machine 
control, positioning, energy supply for other modules. 
Different modules are used to meet different toy product 
needs. The design parameters and measure index are listed in 
Table 1: 
Table 1. Design contents of the industrial shaft-gear assemble machine. 
Modules Design parameters Measure index 
Shaft feeding module Diameter, Length Cost 
Gear feeding module Shape Cost 
Shaft-gear assemble module Efficiency Cost 
 
As those modules are designed independently, users can 
select them based on the product need without any order. 
After a platform module is selected, the next modules can be 
chosen. The web-based user interface can help the user in the 
module selection as shown in Fig. 5. Each selection button in 
the webpage is related to an available module in the database. 
The attributes of each module such as volume, weight, the 
centre of gravity, cost, and the material texture etc. are also 
stored in the database. Those attributes can be used as search 
index or measure index of the modules. For example, the uses 
can set the plastic gear as a keyword to exclude options of all 
gear feeding modules that use metal gears. The user can also 
get the related cost information using the measure index to 
select modules. Fig. 6 shows the database based on modules’ 
attributes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. User design interface of the industrial shaft-gear assemble machine 
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Fig. 6. Database based on modules’ attributes 
When the toy product design changes, such as sizes or 
dimensions of the sleeve shaft are changed, the toy 
manufacturer can replace the related functional module to 
meet the production need through the web-based user 
interface to communicate with the machine suppliers. Two 
examples of the customized machines are shown in Fig. 7. 
They are based on a same platform module, but different 
functional modules are used to meet different assembly 
requirements of gears and shafts. 
Fig. 7. Two different machines based on the same platform module 
The shaft-gear assemble machine forum provided by the 
web server maintained by the OEM is used for participants to 
discuss and communicate the shaft-gear assemble machine 
during its life cycle. All the machine users can share their 
operation experience, problem solutions, upgrading advices, 
spare modules information and so on. The OEM designers can 
get the useful information to create the next generation 
platform and the design agencies can obtain the creative idea 
to make new personal modules. The spare modules 
information can help the modular holders to offer the modular 
buyers. Fig. 8 shows an example of the forum. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Web page of the shaft-gear assemble machine forum 
4.2. Design of Caravans 
Caravans are the customized vehicle which requires users 
to participate in the design from the conceptual design to the 
detail finish. The user involvement is the key for the product 
success in the market. Different methods have been applied 
by industries to receive user suggestions and demands during 
the caravan development to meet the user personalized 
requirements and preferences. Traditional methods have 
difficult to provide users real feeling of the product in using 
and testing before the product is made. This research develops 
a VR-based user interactive design interface to offer a design 
environment that is close to the reality for users to feel the 
design solution. The interface provides a personalized caravan 
design tool developed in VR laboratory of the Shantou 
University. 
Caravans are designed and modeled based on the concept 
of OAPs. A caravan consists of three types of functional 
models including common platform modules, customized 
modules for user selection, and personalized modules for 
users to design. A platform module is shown in Fig. 9. It is 
assumed that the modules interfaces are adaptable to be able 
to connect the platform and different functional modules. 
 
 
 
 
 
 
 
Fig. 9. A platform module of Caravans 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10. Customized modules and personalized modules of Caravans 
The interior design of the caravan is decided by users 
using either customized modules provided by the 
manufacturer for user selection, or personalized modules 
provided by users themselves. Fig. 10 shows parts of 
customized modules and personalized modules of caravans. 
The personalized modules may include beds, desks, chairs, 
TVs, refrigerators, bathrooms, washers etc. that are modeled 
and saved in the VR model database. Models in the VR 
system also include mechanical interfaces, power interfaces 
and information interfaces to be applied in the caravan design. 
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A group of potential users conducted an experiment to test 
the proposed design system. Before the test, all users are 
given time to know the design system and applications. In 
order to assemble a complete caravan product in the virtual 
environment, the collision detection is used to help users 
locate and position the modules in the operations and 
evaluation of the design. If any two modules use the same 
space, the color of both modules will become red to remind 
the user changing design. After the user completes the 
personalized design, the result can be reviewed, modified and 
saved. Some design processes and the design environment are 
shown in Fig. 11. 
In this VR-based design system, the module selection and 
placement are accomplished by the user interaction through a 
hand with tracking sensors in the VR system. All 
manufacturer produced modules are stored in the VR database. 
The users can view a design and suggest the design changes 
until they satisfy the personalized design. 
Based on the experiment of the user design, 80% of the 
users like using the VR-design system. 100% of the products 
meet the individual user requirement. It shows a useful way to 
design the personalized product. There are several following 
areas to be improved: 
x The user interface is to be improved using operation menu 
and detailed user instruction 
x A quantitive measure is required for the user  satisfaction 
of products  
x More models and product functions are available in the 
product database 
 
 
 
 
 
 
Fig. 11. Personalized design of caravans using a VR system 
5. Conclusions 
The proposed two methods have the potential to improve 
the user involvement in product design. The web-based user 
interface can provide the selection of modules for users to 
meet different needs. The VR-based design environment can 
enhance the interaction between the product and users, which 
allow users to evaluate and operate the product in the design 
stage. 
Both of the methods require the OAP module database to 
have the available functional modules for users to select in the 
design involvement. The integration of different VR devices 
will allow multi-channels data input. A visual operation menu 
will help users’ interactive operations in the VR-based design 
and evaluation simulation. These two methods can be 
integrated to form a web-based 3D simulation environment 
for users with a flexible way in the design involvement, such 
as the product selection, operation and evaluation in a 
distributed design system, which will be the further research 
of this work.  
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